This article documents, and seeks to explain, the geographical patterning in ethnic group distributions. Some areas, chiefly equatorial regions and areas of high habitat diversity, are crowded with a large number of named groups. Elsewhere, people over a large area consider themselves members of a single group. Using three new codes for the Standard Cross-Cultural Sample (ethnic diversity, habitat diversity, and rainfall variation), I show that regions with relatively few ethnic groups (low ethnic diversity) have unpredictable and highly variable climates and low pathogen loads. In most areas there was no relationship between ethnic diversity and ecosystem productivity, and there was little or none with the chief determinants of productivity, mean annual rainfall and temperature. Habitat diversity was also associated with ethnic diversity, particularly among nonstratified societies. Habitat diversity is correlated with degree of topographic relief, but the effect of habitat diversity on ethnic diversity is larger than, and independent of, the effect of topography, [ethnic diversity, ecological anthropology, spatial organization, cross-cultural research] T he ethnographers of an earlier era did not hesitate to draw maps of ethnic (cultural) group distributions, and their maps show an extraordinary diversity from region to region in the number and size of groups. Some areas, such as New Guinea, equatorial Africa, and native California, are (or were) crowded with a large number of named groups; elsewhere, people over a vast area consider themselves to be members of a single group. We might ask, as MacArthur did when he considered similar patterns in species diversity, "Will the explanations of these facts degenerate into a tedious set of case histories, or is there some common pattern running through them all" (1972:169)? In this article I attempt to find those common patterns. I do this with some trepidation, aware that anthropologists these days are reluctant to think of ethnicity in terms of geographical distributions. There is good reason for this reluctance: Ethnicity today is frequently based on class rather than geography, and even where geography is important ethnic group distributions are not static. We know that ethnic groups are born, subdivide, and merge over time and that most people belong to a hierarchy of named groups, self-identification depending on context and audience. While the classic maps from earlier decades remain valuable (for example, Driver 1969; Murdock 1959), their inflexible, impermeable lines distort reality. Yet the regional and global patterning in these maps calls for explanation, and their similarity with maps of language and species distributions suggests that the patterning is not accidental.
T he ethnographers of an earlier era did not hesitate to draw maps of ethnic (cultural) group distributions, and their maps show an extraordinary diversity from region to region in the number and size of groups. Some areas, such as New Guinea, equatorial Africa, and native California, are (or were) crowded with a large number of named groups; elsewhere, people over a vast area consider themselves to be members of a single group. We might ask, as MacArthur did when he considered similar patterns in species diversity, "Will the explanations of these facts degenerate into a tedious set of case histories, or is there some common pattern running through them all" (1972:169) ? In this article I attempt to find those common patterns. I do this with some trepidation, aware that anthropologists these days are reluctant to think of ethnicity in terms of geographical distributions. There is good reason for this reluctance: Ethnicity today is frequently based on class rather than geography, and even where geography is important ethnic group distributions are not static. We know that ethnic groups are born, subdivide, and merge over time and that most people belong to a hierarchy of named groups, self-identification depending on context and audience. While the classic maps from earlier decades remain valuable (for example, Driver 1969; Murdock 1959) , their inflexible, impermeable lines distort reality. Yet the regional and global patterning in these maps calls for explanation, and their similarity with maps of language and species distributions suggests that the patterning is not accidental.
This article is part of a larger project in which I consider two aspects of the spatial patterning of ethnic groups: (1) how many ethnic groups one encounters in a given area of land (ethnic diversity) and (2) how sharp or salient the boundaries are (ethnic boundedness). My data indicate that these two aspects of ethnicity have different determinants. As I show in this article, ethnic diversity (number of groups in a region) is shaped chiefly by environmental factors: unpredictable climate, pathogens, and habitat diversity. I address the determinants of ethnic boundedness elsewhere (Cashdan 2001) , using cross-cultural codes for ethnic loyalty and interethnic hostility. Those data indicate that the environmental variables discussed here are not correlated with ethnic boundedness. Rather, ethnic loyalty was found to be stronger where there are threats to the group (from either external warfare or famine) and where close ties exist between communities within the group. Interethnic hostility was uncorrelated with ethnic loyalty and had a different set of determinants. Because the determinants of ethnic diversity and ethnic boundedness are different, this article is concerned solely with the former understanding the size and geographic distribution of ethnic groups.
General Patterns and Some Possible Explanations
Figures 1 and 2 show the distribution of ethnic groups drawn from two sources, Ember 1992 and Price 1989. While neither claims to be a complete sample of all known ethnic groups, both are large compilations collected without obvious geographic bias. Inspection of these figures suggests several geographic patterns, the most obvious being a latitudinal gradient in the density of groups (statistical evidence for this will be given in a later section). A similar latitudinal gradient appears in languages (Mace and Pagel 1995; Nettle 1996 Nettle , 1999 and language families (Nichols 1992) . Why should diversity be greatest near the equator?
Explaining the Latitudinal Gradient: European Conquest
One possible explanation for the latitudinal gradient is that it is a consequence of "European Imperialism" (Crosby 1986) in the fifteenth and sixteenth centuries. This was a period when powerful European states conquered the peoples of high-latitude zones across the globe, both north and south (the "neo-Europes" of North America, Australia, New Zealand, and South Africa). In the process, people of European culture and descent demographically displaced most of the aboriginal inhabitants and culturally incorporated most of those who remained. The homogenizing effect of these large European states might well be expected to reduce ethnic diversity in these northern and far southern latitudes.
Is this recent historical migration the chief explanation for the patterning seen in Figures 1 and 2 ? The samples of both Ember and Price include chiefly the indigenous groups in the Americas, Australia, and elsewhere, so it would appear that other factors must be responsible. On the other hand, these groups at contact were already markedly different from what they had been before European diseases first reached them, and changes at contact were marked. In various regions of the world, confederations of local ethnic groups developed or strengthened their identity in response to the threats posed by European colonization. Conversely, the opposite process may also have been important. It is often argued that the colonial powers in Africa, whether through a deliberate process of "divide and conquer" or inadvertently through their indirect rule, had the net effect of enhancing local tribal divisions (Arens 1978; Gulliver 1969) . It is certainly possible that colonialism's effects on ethnic diversity differed systematically between areas amenable to European settlement, such as North America, where ethnic amalgamation was provoked in part by population losses (Albers 1993; Albers and Kay 1987) , and areas such as Africa that were administered from a distance, through indirect rule. Because the ultimate cause of such a difference was the greater pathogen load in equatorial regions that made European settlement difficult in the one case and easy in the other, this historical explanation, if true, also has environmental determinants. Because pathogen distributions have been critical in shaping historical patterns of conquest and settlement, and because they have a latitudinal gradient of their own (documented below), the role of pathogens in shaping ethnic diversity will be addressed empirically in this article.
While historical factors may play a role in the latitudinal gradient in ethnic diversity, European conquest per se cannot be the only cause of it because the latitudinal gradient also appears within the colonized regions (this will be documented below). The same is true for linguistic diversity, which is greater at lower latitudes within North America (Mace and Pagel 1995) , within West Africa (Nettle 1996) , and within the tropics in general (Nettle 1998 (Nettle ,1999 .
For this reason, and because the data used for this article are synchronic and cross-cultural, I will not discuss historical processes further except in a few specific cases. This focus is not meant to imply that conquest and migration are unimportant in shaping ethnic diversity. They are probably the most important proximate causes behind the amalgamation, incorporation, and decimation of ethnic groups.
Explaining the Latitudinal Gradient: Climatic Variability
Perhaps, then, the latitudinal gradient is shaped directly by environmental factors. A similar latitudinal gradient has been described for species diversity generally; are the same factors operating? The latitudinal gradient in species diversity is striking and appears in a wide range of taxa, including bats, mammalian quadrupeds, snakes, frogs, lizards, termites, coastal fishes, and even fossil foraminifera. In each of these groups, the number of species declines as one moves away from the equator, north or south (Rosenzweig 1995) . This latitudinal gradient is paralleled by one in the geographical extent of a given species, with equatorial species being found over a smaller geographic area (Pagel et al. 1991; Stevens 1989) . Linguistic diversity shows a similar latitudinal gradient (Mace and Pagel 1995; Nettle 1996 Nettle , 1998 Nettle , 1999 Nichols 1992) and, at least in North America, is paralleled by a gradient in the latitudinal extent of languages, which is larger in more northern regions (Mace and Pagel 1995) . Species diversity and linguistic diversity have also been shown to be directly related (Harmon 1996; Maffi 2001) .
Surprisingly, there is no consensus about the reason for the latitudinal patterns in species diversity (Rosenzweig 1995; Stevens 1989) . Some have pointed to the greater productivity usually found in equatorial regions. Productivity, as used by ecologists, refers to the rate of photosynthesis in an ecosystem. Productivity, however, cannot entirely explain the latitudinal gradient, for species diversity increases with productivity only to a point and then begins to decrease (Rosenzweig 1995; but see Pagel et al. 1991) . Furthermore, there is no consensus on why an association between productivity and species diversity should exist. One popular argument holds that population numbers increase with energy availability, and larger populations decrease the probability that any species will go extinct (Wright et al. 1993) . The relevance of this analogy to ethnic distributions is questionable because individuals can switch ethnic affiliation-hence an ethnic group can go extinct without its members dying, and vice versa. Another argument holds that zones of high productivity contain more niches within which species can specialize. This statement is somewhat tautological (there are more niches because there are more different types of species), but it does suggest a relationship with habitat diversity that will be taken up below. Stevens (1989) , after noting 12 other explanations for the latitudinal gradients in species diversity (richness) and geographical range, offers up a thirteenth explanation that may be helpful here. He shows that temperature and rainfall become more variable over the course of a year as one moves toward the poles, and he suggests that this favors animals that are generalists, broadly tolerant of a wide range of climates. Climatic stability favors the evolution of food or habitat specialization because it allows greater efficiency, and with greater specialization each species occupies a smaller niche space (Pianka 1967) . Specialization (and trade between specialized units) also increases efficiency among humans, so we might expect human groups to move in this direction where climatic stability permits it.
Nettle, in explaining the similar latitudinal gradient in language diversity, has also pointed to the greater resource variability and unpredictability away from the equator as a causal factor. Because people in such regions require more spatially extensive social networks in order to buffer the resultant resource fluctuations, he argues, languages can be expected to cover a wider area (Nettle 1996 (Nettle , 1998 (Nettle , 1999 . The same might also be true within chiefdoms and states, where the mechanism for buffering spatial variation is through redistribution rather than reciprocity. In either case, to the extent that local groups are not economically self-sufficient and must rely on reciprocal or redistributive mechanisms among a spatially dispersed group, ethnic diversity might also be lower. One might also argue that the society is more "generalized" in the sense used by Stevens for species diversity.
Because so many climatological factors covary with latitude, it would be helpful to isolate which variable is most important. High-latitude areas are characterized simultaneously by low ecosystem productivity, climatic extremes, climatic unpredictability, and low pathogen loads. In arid regions, where rainfall is the limiting factor in productivity, these variables are particularly likely to be associated (low mean rainfall is associated with high variance and high unpredictability). In this article, I attempt to isolate these different factors.
Habitat Diversity
High species diversity is also associated with spatial heterogeneity, in part because such heterogeneity provides a variety of exploitable niche opportunities. The number of bird species in an area varies directly with diversity in the layers of vegetation (Mac Arthur and Mac Arthur 1961) , and a similar relationship has been documented with other animals (Pianka 1967) . Landscape complexity on a larger scale is also associated with increased species diversity (e.g., more species in mountainous areas than in flatlands) (Schluter and Ricklefs 1993) . Ethnic groups commonly occupy specialized niches, particularly under conditions of competition (Abruzzi 1982; Barth 1956 Barth , 1978 Cashdan 1987; Despres 1969 Despres , 1975 . We might expect, therefore, that high habitat diversity would favor greater ethnic diversity as well.
Visual inspection of Figures 1 and 2 lends some support to these expectations, for it appears that some of the most ethnically diverse parts of Norm and South America, holding latitude constant, are the mountainous and coastal areas in the west. There is a strong association between language diversity and habitat diversity in North America, independent of latitude (Mace and Pagel 1995) , and tree species diversity is correlated with the number of ethnolinguistic groups in North American culture areas (Smith 2001) . As will be shown below, my data show a similar association between habitat diversity and ethnic diversity, and it is particularly marked in North America.
Methods

Standard Cross-Cultural Sample
This study uses the 186 societies of the Standard CrossCultural Sample (SCCS) (Murdock and White 1969) . Unlike the samples of Ember and Price that were mentioned previously, the SCCS was chosen to maximize geographic and linguistic independence. The societies in this sample, consequently, are distributed fairly evenly across the globe. The sample pinpoints societies in both place and time and uses as a focus the earliest good ethnographic description of each society. The "ethnographic present" of most of the SCCS societies is the early to middle twentieth century. Three societies in the sample have a much earlier focal date than this (Hebrews, Babylonians, and Romans); diversity data were not coded for these societies, and they do not appear in any of the calculations presented here.
Scholars who wish to code environmental variables for the SCCS societies should be aware that there are at least three typographical errors in the published latitude and longitude values. I corrected these before calculating my own data.
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Ethnic Diversity
The dependent variable of interest is the ethnic diversity-number of ethnic groups-in the region of each of the 186 SCCS societies. Because there is no source that claims to be a complete list of world ethnic groups, I used two large, independently derived compilations of societies.
(1) Computerized Concordance of Cross-Cultural Samples, by Ember (1992) , and (2) Atlas of World Cultures: A Geographical Guide to Ethnographic Literature, by Price (1989) .
There are obvious problems in identifying an ethnic group; for example, ethnicity is more salient in some cases than others, and ethnic groups are often hierarchical. Ember and Price do not differ systematically in the nature of their grouping and identifications, although in some cases one "lumps" subgroups while the other "splits" and gives each subgroup a separate group name. I did not secondguess their lists but, rather, used the fact that they were independently compiled to check the reliability of my results.
Another potential problem is that the basis for ethnic identity need not be territorial, particularly in societies in which social classes are an important feature. How important is a shared territory to ethnic identity? One of the few comparative studies to have investigated this is Krejci and Velimsky's (1981) study of 73 European ethnicities and how they define themselves. They found that 59 of the 73 ethnic groups had a compact territory as one of their important defining characteristics. The importance of territorial identity as a basis for ethnic identity, even in the industrialized West, supports the validity of the geographic approach taken here.
Ember's Concordance pulls together smaller lists from various sources (Ethnographic Atlas, Human Resource Area Files, etc.) with the aim of allowing fieldworkers to combine data from different coded sources. It does this by giving full information about focal communities (including latitude and longitude) and focal dates, so that researchers can see whether or not two descriptions of the same named group are in fact describing the same group at the same time. By design, therefore, Ember's Concordance contains a large number of duplicate societies. For the purposes of this study, I eliminated duplications and in such cases gave priority, where possible, to cases in the Ethnographic Atlas. I also deleted American blacks, New Englanders, and mountain whites, societies in which the locations given are too broad to be useful for my purposes. The remaining ethnic picture for America is a Native American one. I limited the cases on Ember's list to those with a focal date of 1500 C.E. or later.
Price's Atlas of World Cultures was designed to provide researchers with references to the ethnographic literature. It includes an enormous number of societies, but in keeping with its aim Price warns researchers that the list is not to be interpreted as a complete list of ethnographically known societies. It is biased toward societies described in classical ethnographic works and toward traditional locations of these societies ("maps of North America are all biased toward the locations of Native American groups before the beginning of the 20th century ... many of the Australian Aboriginal groups shown no longer exist" [Price 1989:8] ). Price understandably skirts the problem of defining an ethnic group or culture unit, explaining that "the 'cultural' or 'ethnic' groups identified in the atlas are simply some of the groups that have been identified in the extant body of ethnographic data" (1989:8) . Latitude and longitude are not given; rather, societies are marked by number on a series of maps. Ian Collard, working under the direction of Dr. Robert Foley, calculated geographic coordinates from the maps and generously made the data available to me (Collard 1997; Collard and Foley 2001) .
There are a very large number of duplications in the Atlas, and obvious duplications (several mentions of the same society name) were deleted. This still left some cases in which a society was listed separately under different names (for example, the Ache and Guayaki, and the Lapps and Saami). I did not eliminate these duplications because I did not want to bias the list by my own limited ethnographic knowledge. The list contains duplications, therefore, but there is no reason to think that the duplications are biased with respect to the variables used in this study. It was not possible to eliminate historical societies as was done for the Concordance, but there are few such societies in this data set.
Using both of these data sets, I calculated the number of ethnic groups present within a given radius (100-500 miles in 50-mile increments) of each SCCS society. This was done using a program written by Alan Rogers that calculated great-circle distances between all pairs of points. Data and codes for both samples appear in Appendix A.
Ethnic diversity computed from the 3,193 societies derived from the Atlas correlated reasonably well with ethnic diversity computed from the 1,313 societies derived from the Concordance (see Table 1 ). I used both data sets in my analyses in order to provide an additional check on the robustness of the results presented here. The two data sets showed similar patterning in most cases. Where one data set showed a relationship and the other did not, either I did not include that variable in the tables or I show it for both data sets. In most cases I report only correlations using the smaller Concordance data set.
Ethnic diversity was calculated for a range of distances from each SCCS society. In all cases reported here, if a variable correlated with ethnic diversity at one distance it did so at all of them. Because the maximum radius measured for habitat diversity was 250 miles (see below) and correlations were usually slightly stronger at larger scales of distance, the results reported here are based on ethnic diversity within a radius of 250 miles around each SCCS society.
Although I have data that allow me to distinguish coastal, island, peninsular, and inland locales (see Appendix C), I made no adjustments for these factors when computing ethnic diversity. I explored some adjustments for coastal sites but did not adopt them both because they seemed too ad hoc and because they did not make significant changes in the results. Proximity to coastline was not, itself, a predictor of ethnic diversity in this sample.
Habitat Diversity
Habitat diversity was coded from vegetation maps in Eyre 1968 . The number of habitats surrounding each SCCS society was calculated by counting the number of different vegetation types lying within a circle of a given radius centered on the society, plus ocean and lakes if present. Each vegetation type was counted once only (even if it appeared in several places within the circle), and oceans and lakes were counted as one habitat type each, even if there were several lakes in the circle. I measured habitat diversity within radii of 100,150,200, and 250 miles of each SCCS society. Further information about coding procedures, together with the codes and the coded data, appears in Appendix C.
Rainfall
I also prepared new coded data to explore variation in mean annual rainfall. I coded each of the SCCS societies for mean annual rainfall, coefficient of variation in mean annual rainfall, lowest yearly rainfall in the years sampled, and highest yearly rainfall in the years sampled. For nearly all societies, the statistics are based on 20 years of rainfall data. Most of the data were taken from the Global Historical Climatology Network, Precipitation Data Version 1, National Climate Data Center, NOAA. These data are available online at http://www.ncdc.noaa.gov/ghcn/ghcn. SELECT.html. A few locations were unavailable from this source, and for these societies I relied on the World Weather Records of the U.S. Weather Bureau. Data, codes, and criteria used for selection of weather stations are in Appendix B.
Region and Stratification
In some cases I have done analyses for specific geographic regions. I used two regional breakdowns for these analyses. One, by Murdock and White (1969) , groups Central America with South America and groups North Africa with the rest of the Circum-Mediterranean zone. The other, from the Concordance, groups North and sub-Saharan Africa together and includes Haitians and societies in Central America with North America.
Because politically complex societies have different means of buffering environmental fluctuations than simpler societies, and because they often incorporate other societies within them, I have, in some cases, analyzed such societies separately. The distinction was made using the coding of Murdock and Provost (1971) for levels of political integration, which they find to be the best single measure of cultural complexity. Politically complex societies are, for the purpose of these analyses, those coded by Murdock and Provost as "2" ("one administrative level is recognized above that of the local community, as in the case of a petty state with a paramount chief ruling over a number of local communities") through "4" ("three or more administrative levels are recognized above that of the local community, as in the case of a large state organized into provinces which are subdivided into districts") (1971:382). They therefore include chiefdoms such as the Trobriands, as well as large states with many administrative levels.
Pathogens
The data on pathogen stress used here come from Low (1988, 1994) . Low used data from a variety of sources to ascertain for the SCCS whether pathogens were present in the area and, if so, whether they were serious, widespread, or endemic. Those assessed were leishmanias (three species), trypanosomes (two species), malaria (four species), schistosomes (three species), filariae (two species), spirochetes (two species and one genus), and leprosy. She has combined data for these groups of pathogens into a measure of "total pathogen stress," a high score indicating both many types of pathogens and evidence of severe exposure. Low originally (1988) scored only the odd-numbered SCCS societies, but she later (1994) completed data for the full sample, and I used the full set in my analyses.
Low chose pathogens for which worldwide distribution maps were available and that have "an acute, possibly fatal initial stage of infection; and long-term chronic effects" (1988:117) . It is an excellent sample for environmental analyses because the pathogens are (1) found only in certain regions and (2) largely unrelated to correlates of socioeconomic development (sanitation, childhood immunization, etc.), which could obscure strictly environmental sources of regional variation. The latter consideration would rule out, for example, diseases spread through an oral-fecal route because the incidence of these diseases is strongly affected by level of sanitation. Infections for which childhood vaccines are available would be unsuitable for a similar reason. The former consideration (regional rather than worldwide distribution) would argue against most diseases for which the human host is the carrier and the vector, for these can be transmitted into any country. Diseases transmitted through insect and other vectors, on the other hand, are more likely to be environmentally determined (Wilson 1991) . Low's choice of pathogens is a good one for my purposes because all but two of them (leprosy and one genus of spirochetes) are transmitted through vectors and all are regional in distribution.
A large number of other variables have been coded by various researchers for the SCCS societies. This study makes use of a few of these. References to these other published codes will be given as they are discussed.
Analyses
There has been some controversy about how independent the SCCS societies are and whether phylogenetic methods should be used when doing cross-cultural research. The relevance of these issues to the aims of this article is minimal because neither the dependent variable (the number of ethnic groups in a particular area) nor most of the independent variables (which are chiefly environmental) are about the cultural attributes of the SCCS societies. The SCCS societies are convenient points on the globe from which to explore ethnic diversity, and I used them because of the abundance of data (including environmental data) already coded for them.
Because some of the variables are ordinal and others have nonnormal distributions, nonparametric statistics (Spearman's rank-order correlation coefficients) were used in all analyses. All significance levels reported are two tailed. While the climatic variables are obviously causal, it is possible that other environmental variables (pathogen stress and possibly habitat diversity) are consequences rather than causes of ethnic diversity. My assumption in the discussions has been that the causation goes the other way, but this obviously cannot be determined from correlational data such as those used here.
Results
Latitude and Its Climatic Correlates
As Figures 1 and 2 suggest, latitude (absolute value) is correlated with ethnic diversity (see Table 2 ). The correlation appears at all scales of distance, but for convenience Table 2 presents correlations within a radius of 250 miles only. As the table indicates, this association is stronger for some regions than others, but it appears in all of them outside Oceania. It also appears in both tropical and nontropical regions. These correlations are stronger when islands are excluded (i.e., SCCS societies that are completely surrounded by water at a radius of 250 miles): among chiefdoms and states, r s = -.50, p = .0001, and n = 87 for the Concordance; and r s = -.61, p = .0001, and n = 87 for the Atlas. Among all other societies, r s = -.32, p = .008, and n = 69 for the Concordance; and r s = -.46, p = .0001, and n = 69 for the Atlas.
Why is latitude important? One possibility, discussed above, is that equatorial regions have more equable climates, and people respond to risky environments (those that are variable, extreme, and unpredictable) by widening their network of social ties. In more politically complex societies, the same end of averaging resource variation over the region is accomplished by redistribution and state control. A second possibility, also discussed above, is that higji productivity is itself responsible, as has sometimes been suggested for the similar latitudinal gradient in species diversity.
Latitude shows regular patterning with a range of climatic variables (see Table 3 ). Plant (ecosystem) productivity, measured as kilograms/mVyear, is much higher near the equator, as are the two chief determinants of productivity, mean annual rainfall and mean annual temperature. Less obviously, perhaps, various measures of climatic variation also show strong latitudinal patterning: Rainfall and temperature are more variable, and extremes of cold and drought are more severe, away from the equator. Parts of the world characterized by low productivity are also, therefore, likely to experience more variable and extreme climates. Which of these factors is more important in shaping ethnic diversity?
As Table 4 shows, plant (ecosystem) productivity shows no relationship to ethnic diversity. Two environmental determinants of agricultural productivity (Pryor 1986)-suitability of climate and soils for agriculture-also show no relationship. Average rainfall (a strong determinant of plant productivity) is also unrelated to ethnic diversity, at least with the Concordance data set. Note: Seasonal predictability of rainfall ("contingency") as defined and coded by Low (1990) . Cold, hot, and wet extremes and temperature range are ordinal four-point scales, with larger values indicating more extreme conditions. Productivity is a seven-point ordinal scale of plant productivity in kilograms/m 2 /year. Pathogen stress is a 15-point ordinal scale based on number and severity of pathogens, with larger numbers indicating greater pathogen stress. Density is a sevenpoint ordinal scale, with larger numbers indicating higher density. On the other hand, the predictability of rainfall (both seasonally and year to year) is important, at least in chiefdoms and states (defined as societies with one or more administrative levels above that of the local community). High ethnic diversity is found where there is little year-toyear variation in rainfall (measured by the coefficient of variation in mean annual rainfall) and where the variation in rainfall throughout the year is seasonally predictable (high "contingency," as defined by Low [1990] ). The correlations do not change appreciably when islands (groups surrounded by water at a radius of 250 miles) are excluded.
Temperature is also related to ethnic diversity, although I unfortunately have no data on seasonal predictability or the coefficient of variation in mean annual temperature. The data available indicate that ethnic diversity is higher in warmer climates and in climates where the range in temperatures is low. Extreme cold seems to be a particularly important predictor of low diversity, at least in politically complex societies. Taken together, then, it appears that ethnic diversity is higher in equable, predictable climates. High plant productivity, although correlated with these variables, is not in itself a predictor.
The only climatic variables that did not behave in a manner consistent with this argument were various measures of extreme dryness, such as number of dry months (Whiting 1985) and minimum rainfall in driest month (Low 1990; Whiting 1985) . These variables either showed no relationship or were positively correlated with ethnic diversity, a surprising pattern since extreme drought is also associated with high and unpredictable variation in rainfall. The association turns out to be spurious, however. Dry regions sometimes show high ethnic diversity only because these regions often have high habitat diversity as well (habitat diversity by number of dry months: r s = .21, p = .006, n = 164; habitat diversity by dry extremes: r s = .30, /? = .008,n = 77).
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Ethnic diversity is much higher in areas of high habitat diversity, as will be shown later. When habitat diversity is partialed out, the relationships between ethnic diversity and measures of extreme dryness disappear or move in the opposite direction.
As Table 4 shows, climatic variables are not important predictors of ethnic diversity when the sample is limited to politically noncomplex societies (i.e., politically organized only at the local community level). In these societies, ethnic diversity appears to be chiefly a function of population density: Higher diversity is found where population density is higher, a relationship that is even stronger when islands are excluded from the sample (r s = .50, p = .0001, n = 66). 3 This simple relationship between number of groups and number of people is modified only in areas of high habitat diversity and inefficient transportation, where ethnic diversity is greater than would otherwise be expected (see below). Population density is unrelated to ethnic diversity when the sample is limited to politically complex societies, a finding that makes sense given the ability of chiefdoms and states to incorporate widely varying numbers of people.
Latitude and Pathogen Stress
One of the strongest environmental predictors of high ethnic diversity is pathogen stress ( Table 4) . As noted in the discussion of methods, the data on pathogen stress are a composite based on the worldwide distribution of leishmanias, trypanosomes, malaria, schistosomes, filariae, spirochetes, and leprosy. A high score indicates both many types of pathogens and evidence of severe exposure.
As Table 3 indicates, this measure of pathogen stress is strongly correlated with latitude, being much more severe Note: Ethnic diversity data were derived from the Concordance (values from the Atlas were similar). Seasonal predictability of rainfall ("contingency") was coded by Low (1990) . Cold, hot, and wet extremes and temperature range are ordinal four-point scales, with larger values indicating more extreme conditions. Productivity is a seven-point ordinal scale of plant productivity in kilograms/m 2 /year. Pathogen stress is a 15-point ordinal scale based on number and severity of pathogens, with larger numbers indicating greater pathogen stress. Density is a seven-point ordinal scale, with larger numbers indicating higher density. Low 1988 Low , 1994 Data from Murdock and Wilson 1972. in equatorial regions (r s = -.57, p = .0001, n = 183). Wilson, who compiled data on world distributions of 261 infectious diseases, has also noted that tropical climates favor an "array of pathogens and vectors that are unmatched in cooler climes" (1991:13) . Pathogens are also positively correlated with ethnic diversity (Table 4) .
This pattern of correlations suggests that pathogen stress may be accounting for much of the patterning between ethnic diversity and latitude, particularly when the sample is limited to politically complex societies (chiefdoms and states), where the relationship between pathogen stress and ethnic diversity is strongest (r s = .48, p = .0001, n = 101). Pathogen stress and human population density are correlated, but the effect of pathogens on ethnic diversity remains significant when population density is partialed out (r s = .42, p = .0001, and n = 92 for states and chiefdoms only; r s = .26, /? = .0006, and n= 170 for all societies). Clearly, pathogens are affecting the size of groups, not just the number of people.
The heavier disease burden in the tropics was an important reason why large European states failed to demographically displace societies in the tropics, as they were able to do in the higher latitude areas (Crosby 1986; McNeill 1976) . These data are consistent with this phenomenon. However, the pattern does not just reflect the absence of Europeans (and their large complex states) in the tropics, for the correlation between ethnic diversity and pathogens is especially strong within the tropics (r s = .47, p = .0001, and n = 125 for all societies within 30 degrees of the equator; r s = .55, p = .0001, and n = 72 for tropical chiefdoms and states only).
This pattern of relationships suggests that pathogens may be an important force in limiting the size of chiefdoms/states. I was unable to find direct support for such a relationship, however. Among chiefdoms/states (societies with at least one administrative level above that of the local community) there is no relationship between pathogen stress and the number of administrative levels.
Habitat Diversity and Slope
It was hypothesized earlier that habitat diversity should predict ethnic diversity because it allows for greater niche specialization (the same reason proposed for the relationship between habitat diversity and species diversity). The data support this relationship at all scales of distance for noncomplex societies, although Table 5 summarizes data at a radius of 250 miles only. When islands are excluded from the sample, the correlation is slightly stronger (r s = .40, p = .0008, n = 69). As Table 5 indicates, the relationship is found only among societies that are not politically complex. This is not surprising, for chiefdoms and states often extend over a large number of habitats and incorporate within themselves a variety of specialized economic niches.
Various people have suggested that topographic relief is also associated with ethnic diversity. Pierre van den Berghe (1981) , citing Switzerland as an example, points out that mountains are frequently refuge areas that are difficult to conquer. Gandonu, writing of Nigeria, says "the least attractive lands became the hideout and abode of the less powerful or less organized ethnic groups" (1978:247) . It is clear from Gandonu's careful mapping that the rugged central Nigerian Highlands contains the densest cluster of ethnic groups, each group occupying a relatively small area of land. A similar process has given rise to the ethnically diverse inhabitants of the Liangshan Mountains between China and Tibet (Harrell 1995) .
In order to explore this hypothesis, I correlated ethnic diversity with land slope, as coded by Pryor (1986) . Slope is a five-point scale varying between "steeply dissected" and "level to gently undulating (1-8 percent slope)." Areas with steeper slopes do have more ethnic diversity, although the relationship is not strong (see Table 5 ).
Areas of topographic relief are likely to have a diversity of habitats, but the association between habitat diversity and ethnic diversity is not simply a function of topography, for habitat diversity remains a significant predictor when slope is partialed out. Controlling for slope, the relationship with habitat diversity overall and in noncomplex societies remains as strong as before (r s = .25, p = .001, and n = 169 for the entire sample; r s = .30, p = .009, and n = 77 for noncomplex societies). In politically complex societies it becomes statistically significant (r s = .21, p = .05, n = 92). Conversely, when habitat diversity is partialed out, the relationship with slope remains weak or nonexistent (for complex societies, r = .22, p = .04, and n = 92 using the Concordance; r = . 13, p = .23, and n = 92 using the Atlas; ns for noncomplex societies).
While habitat diversity clearly has its own independent effect, the weak correlation with slope does not necessarily invalidate the argument that ethnic diversity is greater in defensible or refuge areas. While most of the examples cited for this process describe refuge zones in mountains, other types of habitats can also function in this way. In New Guinea, where there is greater language homogeneity in the central highlands than in the highland fringe and ad- jacent lowlands, the refugee movement was primarily in the opposite direction (Foley 1992; Wiessner and Tumu 1998) . The same might be true for South America in general, where the linguistic diversity is highest in the wet inland Amazonian area, not in the mountains (Nettle 1999) . Clearly, some habitats are more difficult and hence more likely to be refuge zones, but I have been unable to find a satisfactory objective measure of "difficult" in this sense and so did not pursue this further.
Infrastructure
It is reasonable to expect ethnic groups to be smaller where communication and transportation are difficult. Communication is affected not only by topography, as discussed above, but also by the regional infrastructure. Murdock and Morrow (1970) have coded four relevant Note: Greater efficiency is given larger values. "Efficiency by Land" measures the efficiency of land transport, that is, human carriers, animal carriers, wheeled vehicles, and so on. "Road Quality" measures the degree to which roads are improved for animal or vehicular traffic. "Efficiency by Water " measures the efficiency of water transport, that is, rafts, paddles, sails, and so on. "Boat Quality" measures the size and distance capability of boats. Data are from Murdock and Morrow 1970; "Efficiency by Water" was analyzed only for cases where the environment is suitable for watercraft.
Ethnic diversity was measured at a 250-mile radius using the Concordance database. Analyses using the Atlas data set showed similar pattens, with three exceptions: efficiency by land in North America was significant using the Atlas, while efficiency by water in Africa and boat quality in North America were not.
Europe and the Middle East are not shown because the sample size was too small. *p < .05. **/><.01. ***/><.001.
measures here, three of which show the expected patterning (see Table 6 ).
In Table 6 , "Efficiency by Land" and "Efficiency by Water" measure the power sources for transportation by land (from human carriers at one extreme to automotive vehicles at the other) and by water (from no transport to transport by motorized watercraft). As expected, ethnic diversity is lower where land and water transportation are more efficient, although the strength of the relationship varies by region. Larger boats are also associated with lower ethnic diversity.
Ethnic Diversity around the World
A global perspective obscures a lot of regional variation. Although there is not space here to treat each region in detail, a few summary remarks are in order.
The strongest patterning with climatic variables is found in Africa, probably because it is a comparatively flat continent with only the Rift Valley interrupting the latitudinal climatic belts. Africa differs from other world regions in that both productivity and variation are important predictors. Ethnic diversity is highest in areas with high mean annual rainfall (r s = .63, p = .0001, n = 41), high ecosystem productivity (r s = .67, p = .0001, n = 43), and high pathogen loads (r s = .61, p = .0001, n = 43), although there is no relationship with mean temperature. Ethnic diversity is also high where there is low coefficient of variation in mean annual rainfall (r s = .71, p = .0001, n = 43) and, by various measures, absence of extreme drought, wetness, or cold. Habitat diversity in this region has relatively little effect. The Bantu expansion is a possible confounding factor in African ethnic diversity. The cooler, drier, less predictable climates of southern Africa should be favorable to low ethnic diversity, but this is also the region where the Bantu expansion has resulted in lower population densities and large recent population movements. The correlations between ethnic diversity and most of the climatic variables are virtually unchanged when population density is partialed out, however, which suggests that variation in ethnic diversity in Africa is not just an artifact of recent population movements into southern Africa. Climatic variables remain the important predictors in this region.
Habitat diversity is the chief predictor of ethnic diversity in North America. The correlation between ethnic diversity and habitat diversity at a 250-mile radius for North and Central America is r s = .56, /? = .0001, and n = 41; for North America alone it is r s = .59, p = .0003, and n = 33. Latitude and climatic factors are weaker correlates of ethnic diversity in this region, not surprisingly given North America's marked topographic and habitat diversity.
Two regions are notable for their lack of consistent correlation with any of the climatic variables discussed thus far: Oceania and South America. The lack of patterning in Oceania is probably due to the inadequacy of my ethnic diversity and habitat diversity measures in a region consisting of islands and ocean. South America looks more interesting, but analysis is hampered by the small number of SCCS societies in the Andes and the south (i.e., in areas of high habitat diversity and high latitude). The tropical Andean area is simultaneously lower in pathogen stress and much higher in habitat diversity than the steamy lowlands.
Because habitat diversity and pathogen stress both increase ethnic diversity, these variables may be canceling each other out. A larger sample of Andean societies would be needed to explore this further.
Discussion and Conclusions
Ethnic diversity, like species diversity and linguistic diversity, shows a strong latitudinal gradient, with the greatest diversity being found near the equator. Because many potentially important variables correlate with latitude, one aim of this article has been to isolate the ones that produce this patterning. The data show that greater ethnic diversity in tropical regions is attributable to (1) greater pathogen stress and (2) reduced climatic variation and unpredictability. High habitat diversity, irrespective of latitude, is also associated with greater ethnic diversity.
Environmental Unpredictability
The strongest climatic predictors of low ethnic diversity were unpredictable variation in rainfall (both seasonally and year to year) and cold extremes. Why are such conditions related to ethnic diversity?
Two reasons are suggested in the introduction, one based on the analogous trend in species diversity. Among the many reasons offered for the latitudinal gradient in species diversity is the argument that climatic unpredictability, which increases as one moves away from the equator, favors animals that are generalists, capable of living in a wide range of conditions. In more stable climatic conditions, it is argued, we should see selection for food or habitat specialization, a more efficient adaptation where climatic conditions permit it Specialization means smaller niche spaces-hence a larger number of species (Pianka 1967) .
I think it is likely that this argument also applies to ethnic groups, since ethnic groups often fill different economic "niches." I have shown (Cashdan 1987 ) that in the Botletli River region in Botswana there was a trend toward specialization (together with trade between specialized units) as population density and resource competition increased. This specialization developed because it allowed more productive use of existing resources. In the Botletli area, as is commonly the case, members of different ethnic groups differed in their economic position and options, hence the specialization and trade was largely between ethnically specialized units. I expect that this process has been a common one as population densities have increased but only to the extent that climatic stability permits it (for several resources or habitats provide security when any single resource cannot be counted on). If this argument is correct, we would not expect great ethnic specialization in northern areas until a society developed the means to buffer climatic fluctuations reliably.
A second explanation for the relationship between ethnic diversity and unpredictable climatic fluctuations hinges on the role of ethnic affiliation in providing social insurance against unpredictable risks. It may be helpful to view ethnic identity as one way of enabling people to identify potential cooperators in future transactions. From this perspective, the geographic extent of an ethnic group would reflect the largest distribution of potential cooperators with whom individuals might profitably interact. A wide ethnic network (and, perhaps, a spatially extensive exchange system), then, could be expected to play a role in buffering unpredictable and highly variable regional variation in resources (Nettle 1996 (Nettle ,1998 (Nettle ,1999 . Such a system would be "generalized" (in the sense used previously) because it relies on the resources of a wide area.
These two arguments are derived from different disciplines, but they present a consistent picture. The first argument implies that ethnic groups (and species) in unpredictable climates will rely on a wider fraction of available resources (i.e., more resource types or more patches of the same resource). The second argument points to social relationships with fellow in-group members as a means to access those other resources. We might generalize this as follows: where environmental unpredictability requires reliance on reciprocal or redistributive mechanisms among a spatially dispersed group, ethnic diversity should be lower.
While I think that the second argument is consistent with the data presented here, two caveats warrant discussion. First, symbiotic economic and exchange relationships frequently cross ethnic lines, so "cooperators" need not be limited to members of one's own ethnic group. Although this is true, it is also true that trading relationships across ethnic lines are often fraught with danger and tension and are more likely to be characterized by immediate "balanced" reciprocity rather than "generalized" reciprocity given without expectation of immediate or balanced return. While balanced reciprocity (including regular trading relationships and exchange of access rights) is valuable in coping with predictable environmental variation, unpredictable environmental conditions call for something more, namely, the kind of generalized reciprocity and mutual support that one finds among in-group members of all kinds. It is significant, therefore, that ethnic diversity in this sample is associated with the predictability of rainfall, not simply its abundance.
Another caveat to the second argument is that relationships within an ethnic group are not always characterized by generosity; indeed, frequent warfare is often documented between communities of a single ethnic group. Yet this need not invalidate the argument. The Akwe-Shavante, to take one example, are a Brazilian group known for intraethnic factionalism and bellicosity. Yet, even though "many Shavante had only the haziest idea as to the numbers of their own people or the territory they occupied," they nonetheless "felt that what happened in other Shavante communities, however remote, potentially affected them, especially since they might wish to transfer to them at any time" (Maybury-Lewis 1974:205) . Pan-ethnic feeling is probably most muted in societies with localized patrilineages, but even here new external threats and opportunities can turn a latent ethnic identity into an active interest group.
Pathogen Stress
Several historians (Crosby 1986; McNeill 1976 ) have pointed to the role of pathogens in favoring and hindering the spread of empires. In this cross-cultural sample, severe pathogen stress was associated with increased ethnic diversity, particularly when the sample was limited to chiefdoms and states. This relationship remained strong when controlled for population density, so it implies that chiefdoms and states in high-pathogen areas are also numerically small. Low pathogen stress, therefore, may be a prerequisite for the formation of extremely large and powerful states, although I cannot document such a relationship directly from my data.
McNeill (1976) provides historical evidence from India and China that supports this argument. He shows that within a given climatic zone early civilizations had an epidemiological advantage over people in outlying areas because high population density allowed many infections to become endemic, thereby provoking immunity as the diseases were acquired in childhood. This epidemiological advantage made conquest and incorporation of frontier areas easier.
When moving into more tropical areas with a heavier disease burden, however, the advantage was lost. In India, irrigation agriculture and complex society arose first in the semi-arid region of the Indus River, but conquest of the tropical forest-dwelling peoples to the south and east was made difficult by the many tropical diseases and parasitic infestations of the region. McNeill states that "instead of digesting the various primitive communities that had occupied southern and eastern India in the manner that was normal north of the Hamalayas, Indian civilization expanded by incorporating ex-forest folk as castes, fitting them into the Hindu confederation of cultures as semi-autonomous functioning entities " (1976:84) . In China, the first irrigation agriculture and complex society also began in a semiarid riverine area to the north (the Yellow River). Although this civilization spread in the area of the Yellow River, the heavier disease burden along the Yangtze River to the south kept that more tropical region free of occupation from the northerners for many centuries (McNeill 1976) .
The same process that limited conquest from the north may have kept large states from arising in situ in these moist tropical regions, notwithstanding greater local resistance to malaria and possibly other endemic diseases. Armies everywhere are particularly susceptible to outbreaks of infectious disease, both because they represent dense aggregations of susceptible hosts and because an army in the field has difficulty maintaining standards of public health. This problem would be particularly acute in lowland tropical regions because of the abundance and diversity of pathogens there; it must be difficult for people in such an environment to assemble a large army and keep it together long enough to conquer a large empire. This is one likely reason why infectious disease may limit the size of tropical states and why we see a latitudinal gradient in ethnic diversity.
A second argument, also foreshadowed by McNeill, concerns the limitations on economic productivity imposed by heavy disease loads. In the first few centuries C.E., people in the Ganges area suffered from a heavy load of parasitic and infectious diseases. The reduced vigor and capacity for work, suggests McNeill, meant "peasant families were less able to produce a surplus of food for the support of kings, landlords, armies, and administrators. This was probably an important reason why Indian empires were fragile, evanescent structures" (1976:82-83).
Habitat Diversity
As noted in the introduction, species diversity is associated both with local habitat complexity and with landscape complexity on a larger scale. One reason for this association is that complex habitats provide a diversity of exploitable niche opportunities. It is reasonable to expect a similar association between habitat complexity and ethnic diversity, as ethnic groups often specialize, ecologically and economically.
As expected, ethnic diversity was strongly correlated with habitat diversity in this data set, particularly when chiefdoms and states are removed from the sample. The greater diversity of species found in mountainous areas also has its parallel with ethnic diversity. As noted previously, many authors have argued that ethnic diversity in mountainous zones arises because mountains are difficult environments both to live in and to conquer, hence they frequently function as refuge areas. While this argument may be true, my data show that land slope is unrelated to ethnic diversity when habitat diversity is partialed out, whereas habitat diversity remains significant when slope is partialed out. The greater ethnic diversity in mountainous areas, therefore, probably arises directly from the greater habitat diversity found there, rather than from the difficulty or defensibility of the habitat. The absence of an association between ethnic diversity and habitat diversity in chiefdoms and states is noteworthy and probably reflects the fact that such societies typically incorporate and integrate people over a wide range of habitats.
These three causal variables (unpredictable climate variation, pathogen stress, and habitat diversity) differ in their importance among different world regions. Africa has comparatively little topographic relief to interrupt the regular latitudinal climatic belts north and south of the equator; hence, it is not surprising that climatic factors are the most important determinant of ethnic diversity in this region. In North America, the considerable topographic and habitat diversity in the west is paralleled by greater ethnic diversity, and latitudinal patterns are less important.
Notwithstanding the complexity of ethnicity and the need for simplifying assumptions, this study has identified striking geographical and environmental patterns in the way ethnic groups are distributed over space. A global geographical approach appears to offer a valuable complement to local-level and historical perspectives on ethnicity. 2. The number of dry months was coded by Whiting (1985) . Dry extremes were coded by Low (1990) and are a five-point ordinal variable indicating the amount of rainfall in the driest month (large values are drier).
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Coding Notes
Societies in the Standard Cross-Cultural Sample (SCCS) are pinpointed as to both location (so that codes refer to the same community) and year (so that codes refer to the same time period).
Choice of weather station, therefore, was guided by two aims. First, I picked the station closest to the SCCS society, so long as that station had at least 10, and preferably at least 20, years of rainfall data. Second, I recorded rainfall data from the years thai came closest to the focal date.
Where two or more stations were nearly equal in these respects, geographic factors occasionally influenced selection. For example, a few SCCS societies are in areas where rainfall is likely to be strongly affected by marked topographic relief (such as the Andes), north-south variability in rainfall (such as the Sahel), or proximity to coastline. In a few cases, therefore, the station chosen was not the closest in absolute distance.
Data on the proximity of the station to the SCCS society are included as a measure of data quality. Further information, including the names of the stations used, is obtainable from the author.
Data Sources
Weather data for 178 of the SCCS societies were obtained from the following online source: Global Historical Climatology Network, Precipitation Data Version 1; National Climate Data Center, NOAA, http://www.ncdc.noaa.gov/ghcn/ghcn.SELECT.html.
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Coding Notes
Habitat diversity codes are based on vegetation maps in S. R. Eyre's Vegetation and Soils: A World Picture (1968) . The number of habitats was calculated by counting the number of different vegetation types lying within a circle of a given radius centered on the society, plus ocean and lakes if present. Each vegetation type was counted once only (even if it appeared in several places within the circle), and oceans and lakes were counted as one habitat type each, even if there were several lakes in the circle.
It is difficult to compare coastal with inland sites. I have included the presence of ocean as the addition of a single habitat, yet clearly the littoral and pelagic zones are different habitats, and reefs and offshore islands may increase the count further. On the other hand, centering the circle on a coastal site cuts the land area in half.
Coastal sites can be identified in this data set by the columns indicating presence or absence of an ocean within a radius of 100, 150, 200, and 250 miles. Lakeshore sites can be located in an analogous fashion. Other adjustments can be made using data in the last four columns, which indicate whether at a given radius the site was completely surrounded by water (island), surrounded on two sides by water (peninsula), or completely surrounded by land (mainland).
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